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Temporal and Spatial Variation of Fungal Concentrations
in Indoor Air

A. Hyvärinen,1 M. Vahteristo,1 T. Meklin,1 M. Jantunen,1 A. Nevalainen,1

and D. Moschandreas2

1National Public Health Institute, Department of Environmental Health, Kuopio, Finland
2Illinois Institute of Technology, Chicago, Illinois

The aim of this study was to determine temporal and spatial
variation of airborne concentrations of viable fungi in 2 single-
family houses during the period of the year that such levels are
mostly determined by indoor sources. One of the subject residences
had moisture problems (the index residence), the other did not
have any moisture problems (the reference residence). The concen-
trations of viable fungi in indoor air were determined a total of
6 times during the winter with 2 six-stage impactors (Andersen
10-800) in 2 rooms in both of the houses. The total concentrations
of viable fungi and concentrations of Penicillium, Aspergillus, and
Aspergillus versicolor were signi� cantly higher in the index resi-
dence than in the reference residence. Statistically signi� cant dif-
ferences in the total concentrations were observed in the size ranges
of 2.1–3.3 ¹m and 1.1–2.1 ¹m. In both residences, there was a sta-
tistically signi� cant difference between the rooms in the total con-
centrations of viable fungi, although in the reference residence that
was not of practical value because the levels were low. In concen-
trations of fungal genera, a signi� cant difference, that was also of
practical importance, was seen in the concentrations of Penicillium
in the index residence. Both within-day and within-season differ-
ences of concentrations were observed in the residences: a trend of
higher values in the morning and at the beginning of winter was
noted. In order to characterize fungal concentrations of a residence
with unknown indoor conditions, a sampling campaign of 11 differ-
ent days is needed. A strategy for responding to an alert or alarm
situation is presented.

INTRODUCTION
Sampling of airborne viable fungi is generally used to deter-

mine fungal contamination of buildings, even though it is not
recognized as an infallible method for that purpose (Dillon et al.

Received 22 November 1999; accepted 12 June 2000.
The authors wish to thank the occupants of the residences for their

cooperation and patience. We also wish to remember the late Ms. Tuula
Wallenius for her excellent technical assistance. This study was � nan-
cially supported by the Ministry of Social Affairs and Health.

Addresscorrespondence to Anne Hyvärinen, National PublicHealth
Institute, Department of Environmental Health, P.O. Box 95, 70701
Kuopio, Finland. E-mail: Anne.Hyvarinen@ktl.�

1996). Filter sampling for determination of the total number of
fungal particles is recommended in parallel with sampling of vi-
able fungi (Samson et al. 1994). However, in home environments
the total number of fungi is usually lower than the relatively high
detection limit of this sampling method (Hyvärinen et al. 1996;
Rautiala et al. 1996). Airborne concentrations of viable fungi
may be slightly elevated due to microbial growth in moistened
material (Hunter et al. 1988; Hyvärinen et al. 1993; Hyvärinen
et al. 1999). In addition, differences in the � ora are seen between
moldy and reference buildings (Pasanen et al. 1992; Hyvärinen
et al. 1993). No one nutrient medium covers the entire range of
airborne fungi, but the parallel use of 2 nonselective media, 2%
malt extract agar and dichloran glyserol agar (DG18), is recom-
mended for detection of viable fungi (Samson et al. 1994).

The most typical genera found in indoor air are Penicillium,
Aspergillus, and Cladosporium (Hunter et al. 1988; Pasanen
et al. 1992; Hyvärinen et al. 1993). Certain fungi, such as Stachy-
botrys, Fusarium, Trichoderma, and Aspergillus versicolor, are
regarded as indicators of moisture problems if found in air sam-
ples (Samson et al. 1994). Yet total concentrations of viable
fungi observed in moldy buildings are not necessarily higher
than those observed in control houses with no evidence of mold
(Strachan et al. 1990; Flannigan et al. 1991; Nevalainen et al.
1991). The range of indoor air concentrations of airborne viable
fungi is wide, 10–104 cfu/m3, and airborne concentrations of
fungi vary both temporally and spatially (Hunter et al. 1988;
Verhoeff et al. 1990; Pasanen et al. 1992), although the quantity
and causes of such variation are not well understood. One of
the causes of variation is the variety of sources and their mode
of operation. The main source of airborne fungi in indoor air
is usually outdoor air (Flannigan et al. 1991; Levetin 1995). In
subarctic climate, however, the outdoor air levels of microbes
are extremely low in winter due to frozen soil and snow cover
and the contribution of outdoor air to indoor air microbial levels
is negligible (Reponen et al. 1992). Therefore, to identify in-
door sources of microbes and measure the resulting levels, sam-
pling is preferably performed during the winter months. Other
common sources of airborne fungi can be everyday activities
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releasing fungi, such as handling organic materials, resuspension
of spores as a result of cleaning activities, transport of spores in
clothes and pets (Lehtonen et al. 1993), and, � nally, mold growth
in building structures (Hunter et al. 1988), the detection of which
is most often the reason for indoor air sampling. The release of
spores from moldy structures is not continuous and is dependent
on ambient conditions such as air velocity and relative humidity
(Pasanen et al. 1991). Spores are released more easily into dry
air (Zoberi et al. 1961), although the relative humidity of the air
does not directly in� uence fungal growth on building materials
(Pasanen et al. 1991).

The underlying but rarely stated assumption in many epi-
demiological studies is that fungal contamination in a residence
is homogeneous over space and time. Because of limited funds
and resources available for any particular investigation, only a
few samples may be taken from each studied building and con-
clusions of the contamination level are reached based on those
(few) samples. However, it is not known how well one or a few
samples of airborne viable fungi represent the fungal contami-
nation of a residence. Therefore the objectives of this study are
to examine whether one or a few measurements at one site over
a season is suf� cient to characterize fungal levels in a residence
and to study if one measurement day is suf� cient to characterize
the levels in a residence for the winter season. If one measure-
ment site and day is not suf� cient, an additional objective of this
study is to recommend how many samples are required to char-
acterize the fungal concentration of a residence and to relate this
sample size with the guidelines presently used for diagnosing
residences with problems associated with fungal contamination
(Ministry of Social and Health Affairs 1997). A secondary ob-
jective of this study is to examine whether differences in fungal
concentrations, if any, are dependent on the 2 growth media used.

MATERIAL AND METHODS
This study is not a survey study, rather it is a case study that

investigates temporal and spatial variation of fungal contamina-
tion in 2 residences to provide the background for an experimen-
tal design for a projected survey study. Several residences were
inspected for moisture problems and visible microbial growth
by trained civil engineers. The subject residences were selected
from each of their respective categories. One of the subject res-
idences, a single-family house, belongs to a class of homes in
which engineers observed moisture problems. The other subject
residence, also a single-family house, was selected from among
houses with no observed moisture problems. In the balance of
this paper, the former house is called the “index residence” and
the latter the “reference residence.” The houses were matched
for building type, age, site, use, occupancy, and architecture.

Indoor fungal contamination during the months between
April and September are mainly driven by outdoor levels
(Reponen et al. 1992). However, during the period between
October and March the ground is usually covered by snow in
central Finland and any indoor variation is due to indoor sources
(Reponen et al. 1992). To study temporal and spatial variation in

the 2 residences, 2 sites were sampled in each residence, which
were typical sized single-family houses (about 120 m2). One
site was the bedroom that was less occupied during the period
of sampling, the other was the dining room where most of the
indoor activity took place during sampling times. To ensure ef� -
cient generation of biocontamination, both houses selected were
daycare homes with children visiting over the sampling period.

Air samples were taken in 2 rooms in both houses every
other week from October to February, for a total of 6 times
during the sampling period. Outdoor air samples were taken
once each sampling day. Samples were taken with six-stage im-
pactors (Andersen 10-800) to determine the concentrations and
the composition of the � ora of viable fungi.

During each sampling day 6 impactor samples were taken,
3 in a dining room and 3 in a bedroom, in 3 2-hour sampling pe-
riods. Each sampling period started at about 9:00 am, 11:00 am,
and 1:00 pm. The sampling time was 10 min. Samples were taken
at the middle of the rooms, at a height of 1–1.5 m representing
the breathing level of a sitting adult person or a standing child.
Occupants were asked to avoid activities, such as vacuuming or
handling unwashed vegetables, before and during the sampling.

The impactor samples were taken at a � ow rate of 28.3 L/min.
Two samples were taken simultaneously, each was collected on
a different growth medium of 2% malt-extract agar (MEA) and
dichloran glycerol agar (DG18). Fungi were incubated in the
dark at 25±C for 5–7 days. Fungal colonies were identi� ed by
genus using an optical microscope. In addition, the species of
the Aspergillus versicolor group were separately identi� ed. Con-
centrations (cfu/m3) were calculated using � ow rate, sampling
time, and the Andersen correction table for multiple impactions
on individual sites (Andersen 1958).

Statistical methods used were Pearson’s correlation coef� -
cient, paired and2 samples t-test, analysis of variance (ANOVA),
Wilcoxon’s rank test, and Wilcoxon’s signed rank test. The
differences were considered to be statistically signi� cant with
® D 0:05.

Even though a number of genera were identi� ed, the ones
tested in the statistical analysis were Penicillium, Aspergillus,
Cladosporium , and yeasts, which are the most typically found
genera or group (yeasts) in indoor air in Finland (Pasanen et al.
1992; Hyvärinen et al. 1993) and Aspergillus versicolor, which
represents indicator microbes (Samson et al. 1994).

RESULTS
Exploratory data analyses revealed that the distributions of

the data obtained in this study were not normal and therefore
geometric means were used in the tables to describe the data. A
logarithmic transformation was performed on the original data:
the distributions of log-transformed concentrations were nor-
mal for total viable fungi and Penicillium, but not for the other
genera. An extreme value was identi� ed in the fungal data: its
magnitude was nearly 8 times as high as the second highest
observed value. Several statistical tests identi� ed this value as
the only outlier of the database. Analyses of the fungal data
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Figure 1. Distributions of fungal concentrations in two rooms
(R1, R2) of the index and reference residences. Distributions are
presented in 2 media (MEA, DG18).

Table 1
GM, GSD, and range of the total concentrations of viable fungi and concentrations of different

mold genera or yeasts in the residences (index, reference) and in 2 media (MEA, DG18)

Index Reference

GM GSD Range GM GSD Range

MEA (n D 36)
Total 116 3.3 7–1136 57 2.7 11–1175
Penicillium 61 4.6 0–1114 33 3.4 4–1149
Aspergillus 8 5.2 0–407 0.4 2.0 0–7
Cladosporium 1 2.4 0–12 0.9 2.5 0–14
Yeasts 5 3.4 0–34 8 3.2 0–50
A. versicolor 2 4.3 0–78 — 1.0 0–0

DG18 (n D 35=36)
Total 122 2.8 18–1011 61 2.7 11–1425
Penicillium 72 3.5 7–991 41 3.0 7–1398
Aspergillus 10 3.5 0–124 0.6 2.2 0–11
Cladosporium 2 3.2 0–28 1 2.8 0–14
Yeasts 4 3.4 0–25 8 2.6 0–27
A. versicolor 3 4.4 0–51 — 1.0 0–0

were performed excluding this extreme value. Concentrations of
different individual genera that were below the detection level
(4 cfu/m3) were treated in the analyses as zeros. The percentage
of values below detection levels for individual genera varied
from 0.7% for Penicillium to 76.8% for Aspergillus versicolor.
The distributions of the data are shown in Figure 1.

The geometric means, geometric standard deviations, and
ranges of the concentrations of airborne viable fungi in the 2
media and residences are presented in Table 1. The geometric
means of the total concentrations of viable fungi in outdoor air
were approximately 25 cfu/m3. Therefore it was concluded that
outdoor air had only a negligible contribution to fungal levels
indoors.

Differences Between the Growth Media
The fungi were sampled on 2 growth media, MEA and DG18,

because a greater number of genera is expected by using these
2 media than by using either medium separately. The correlation
between the 2 media was high for total concentration (r D 0:92,
p D 0:0001) and concentrations of Penicillium (r D 0:91,
p D 0:0001), Aspergillus (r D 0:74, p D 0:0001), and Aspergil-
lus versicolor (r D 0:67, p D 0:0001). Concentrations of yeasts
and Cladosporium did not correlate as well with r D 0:29 (p D
0:0152) and r D 0:30 (p D 0:0104), respectively. Yet, 61% of
the concentrations of Cladosporium was under the detection
limit (4 cfu/m3) and the concentrations detected were very low,
<28 cfu/m3. Therefore it was concluded that for application
purposes the 2 media led to equivalent Cladosporium levels.
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On the other hand, concentrations of yeasts were mostly (80%)
above the detection limit; therefore it was concluded that these
concentrations differed depending on the growth media used.
The difference in the total concentrations between the 2 media
was also tested with a paired t-test; the null hypothesis was re-
jected at a signi� cance level of ® D 0:05. However, the p-value
(0.0397) was in a borderline region and therefore the data were
examined to determine if the statistically signi� cant difference
was of practical importance. Inspection of the raw data led to
the conclusion that, from a practical point of view, the 2 media
led to equivalent concentrations. In the following analysis of the
total concentrations of viable fungi and the concentrations of
Penicillium, Aspergillus, and Cladosporium , the results of the
2 growth media were considered as 2 independent values for
analysis. The analysis of yeasts was performed separately for
each medium.

Differences Between Residences
The 2 residences studied were characterized as index and

reference based on the observations of moisture damage in the
residences as described in the material and methods section.
The null hypothesis of no difference between the 2 residences
in the total concentrations of viable fungi was tested with a
t-test against the alternate hypothesis that the index residence
has higher concentrations of fungi. It was concluded that the
difference is statistically signi� cant and that the total concen-
trations of viable fungi in the index house were higher than the
concentrations in the reference house (p D 0:0001). In addition,
the null hypothesis of no difference between the residences in
median concentrations of each size class was rejected (Wilcoxon
Rank test) in size ranges of 2.1–3.3 ¹m and 1.1–2.1 ¹m. The
concentrations in these size ranges were signi� cantly higher in
the index house than those in the reference house (p < 0:0001;
Figure 2). No differences were observed in the size distributions
of outdoor air near the index and reference residences.

Since the distributions of most genera were not normal (even
when log-transformed), the homogeneity of the levels of differ-
ent genera between the residences was tested with a nonparamet-
ric Wilcoxon rank test. The null hypothesis of no difference in the
median of the fungal concentrations between the residences was
tested. It was rejected in the concentrations of Penicillium (p D
0:0025) and Aspergillus (p D 0:0001); hence, it was concluded
that the concentrations of Penicillium and Aspergillus were sig-
ni� cantly higher in the index house than in the reference house.
A similar test indicated that we failed to reject the null hypoth-
esis of no difference between the residences for the concentra-
tions of Cladosporium and the yeasts. Thus the concentrations of
Cladosporium and yeasts were at the same level in both houses.
Aspergillus versicolor was found only in the index house.

Differences Between the Rooms
The geometric means, geometric standard deviations, and

ranges of the concentrations of airborne viable fungi in the
2 rooms are presented in Table 2. Results of the 2 residences
and 2 media are presented separately.

Figure 2. Size distributions of airborne viable fungi in the in-
dex and the reference residences.

Paired t-tests were used to investigate the difference in the
total concentrations of viable fungi between the 2 rooms. The
difference in fungal levels was tested using the difference, ±, of
corresponding values, H0: ± D 0. Because the test used the dif-
ference between simultaneous room measurements (Room 1–

Room 2), analyses could be done by merging the data from
both of the residences even though the residences differed in
fungal levels. For both residences, Room 1 was considered to
be the room with lower average concentration of total viable
fungi. The null hypothesis was rejected with p-value D 0.0001;
hence, the difference in total concentrations of fungi between
the 2 rooms was statistically signi� cant. This was supported
by the analysis that treated the residences separately (Index:
p D 0:0001; Reference: p D 0:0014). The statistically signif-
icant difference in concentrations of total viable fungi between
the rooms in the reference residence was not of practical value
because the levels were frequently very low. This was not the
case in the index residence, where the concentration difference
between the rooms was also of practical importance.

The concentration difference between the rooms of the index
residence was also seen in 4 size ranges (4.7–7 ¹m (p D 0:004),
3.3–4.7 ¹m (p D 0:001), 2.1–3.3 ¹m (p D 0:013), 1.1–2.1 ¹m
(p D 0:036); Wilcoxon’s rank test; Figure 3a). In room 1 of
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Table 2
GM, GSD, and range of the total concentrations of viable fungi and concentrations of different mold genera or yeasts in
2 rooms (R1, R2); the results of the residences (index, reference) and 2 media (MEA, DG18) are presented separately

Index (n D 18) Reference (n D 18)

GM (GSD) Range GM (GSD) Range

R1 R2 R1 R2 R1 R2 R1 R2

MEA
Total 73 (2.7) 184 (3.3) 7–357 18–1136 67 (3.0) 48 (2.5) 14–1175 11–446
Penicillium 32 (4.2) 116 (4.0) 0–217 11–1114 33 (4.2) 33 (2.8) 4–1149 4–443
Aspergillus 8 (4.6) 9 (6.1) 0–150 0–407 0.7 (2.2) 0.2 (1.6) 0–7 0–4
Cladosporium 0.8 (2.3) 0.7 (2.6) 0–7 0–12 1 (2.6) 0.4 (2.3) 0–14 0–11
Yeasts 6 (3.2) 5 (3.6) 0–34 0–25 14 (2.4) 5 (3.5) 0–50 0–36
A.versicolor 3 (3.9) 2 (5.0) 0–78 0–66 — (—) — (—) 0–0 0–0

DG18
Total 86 (2.2) 172 (3.0) 18–282 32–1011 73 (2.8) 51 (2.6) 11–1425 14–529
Penicillium 47 (2.8) 111 (3.8) 7–267 18–991 46 (3.3) 36 (2.7) 7–1398 7–525
Aspergillus 11 (3.2) 9 (4.0) 0–124 0–92 0.8 (2.3) 0.5 (2.1) 0–11 0–7
Cladosporium 2 (3.4) 2 (3.1) 0–22 0–28 1 (2.9) 2 (2.7) 0–14 0–11
Yeasts 3 (3.8) 6 (3.0) 0–25 0–25 11 (2.2) 6 (2.8) 0–27 0–26
A.versicolor 2 (4.5) 4 (4.3) 0–51 0–44 — (—) — (—) 0–0 0–0

Figure 3. Size distributions of airborne viable fungi in the 2 rooms of the index and the reference residences.
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the reference residence, signi� cantly higher concentrations were
observed in size range 3.3–4.7 ¹m (p D 0:002), but that has little
practical importance because of the low levels (Figure 3b).

A nonparametric Wilcoxon signed rank test was used to test
the null hypothesis of no difference in the median of the con-
centrations of different genera between the rooms. The null
hypothesis could not be rejected for Aspergillus, Aspergillus ver-
sicolor, and Cladosporium, but it was rejected in the concentra-
tions of Penicillium and yeasts. The difference in concentrations
of Penicillium between the rooms was signi� cant (p D 0:0001).
The difference in room concentrations of yeasts sampled us-
ing MEA was signi� cant (p D 0:022), whereas the difference in
room concentrations observed with DG18 growth medium was
not (p D 0:073).

When the residences were processed separately, the null hy-
pothesis of no difference in the median of different genera be-
tween the rooms could not be rejected for concentrations of
Aspergillus, Aspergillus versicolor, and Cladosporium , which
supported the analysis done by merging the data from the resi-
dences. The null hypothesis was rejected for concentrations of
Penicillium (p D 0:0001) in the index residence, which was in
agreement with the analysis of the merged data from both of the
residences. In the reference residence, however, the difference
was not statistically signi� cant. For concentrations of yeasts,
the difference between the rooms was not statistically signi� -
cant in the index residence in both of the growth media, whereas
it was signi� cant in the reference residence (MEA: p D 0:002;
DG18: p D 0:033). The concentrations of the yeasts varied from
<4 cfu/m3 to 50 cfu/m3. More than 90% of the difference be-
tween the rooms were <20 cfu/m3 and therefore the difference
was not of practical importance.

Temporal Variation
A 2-way Anova was used to test for within-day and within-

season variation. In the absence of such variations, no repeated
measurements would be required to characterize fungal levels in
each residence. There were no interaction effects. In the index
residence, both within-day and within-seasondifferences of con-
centrations in the dining room were statistically signi� cant with
p D 0:0025 and p D 0:001, respectively. In the bedroom, the
within-day difference was marginally signi� cant (p D 0:0475),
but the within-season difference was marginally not signi� cant
(p D 0:0665). All temporal differences in the reference residence
were statistically signi� cant (p D 0:0001).

In the index and reference residences, total concentrations of
fungi were usually higher in the morning than in the afternoon
(Figure 4). The concentrations observed in November and in the
beginning of December (days 1–3), especially in the reference
residence, were mostly higher than those observed in February
(days 5–6; Figure 4).

Suggested Method For Characterizing Fungal
Contamination During The Winter Months

Since one sample per residence or per day and per season
is not suf� cient to characterize fungal contamination of a resi-

Figure 4. Within-day and within-season variation of fungal
concentration (MEA) in 2 rooms in the index and reference
residences.

dence, the number of samples required for this purpose must be
estimated. Sample size relates to the precision of measurement,
yet the largest sample size is not necessarily the best sample
size; cost and time must be considered. The sample size to be
determined must be both suf� cient and ef� cient. The margin of
error, an indicator of the precision of the estimate, is de� ned
as one-half the width of the con� dence interval of the mean.
The margin of error, E , the signi� cance level, ® D 0:05, and an
estimate of the population standard deviation are combined to
estimate a suf� cient and ef� cient sample size using the following
equation: n D (Z®=2)2¾ 2=E2 (Freund and Wilson 1997).

The margin of error was calculated using the log-transformed
sample database of the index residence, E D 0:785. The popula-
tion standard deviation was obtained by dividing the population
range by 4. Several databases were merged to determine the pop-
ulation range of index residences in Finland (Hyvärinen et al.
1993; Hyvärinen et al. 1996; Rautiala et al. 1996; Hyvärinen
et al. 1999; and others). The range between 5th and 95th per-
centile values of the merged database of fungal concentrations,
n D 129, was used to estimate the population standard devi-
ation. The estimated value of ¾ was 1.32. The sample size
required to characterize the fungal concentration of an index
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residence is n D 11. The sample size was calculated that way
so that the true parent mean lies inside the 95% con� dence
interval.

DISCUSSION
Total mean concentrations of viable fungi were higher in the

index residence than those in the reference residence, though
they varied almost in the same range. This agrees with some ear-
lier studies done in Finland (Hyvärinen et al. 1993; Hyvärinen
et al. 1999). However, other studies assert that concentrations are
not always higher in buildings with moisture problems compared
to those in reference buildings (Strachan et al. 1990; Flannigan
et al. 1991; Nevalainen et al. 1991). Concentrations of Penicil-
lium and Aspergillus were higher in the index residence than in
the reference residence, and Aspergillus versicolor was found
only in the index residence. Therefore the statement that fungal
composition of air samples is different in index buildings than in
reference buildings (Pasanen et al. 1992; Hyvärinen et al. 1993)
was also supported by this study. The difference in the concentra-
tions between the residences was largest in the size ranges 2.1–

3.3 ¹m and 1.1–2.1 ¹m. This � nding was in accordance with an
earlier study for the size range 2.1–3.3 ¹m (Reponen et al. 1994).

In both residences, the most prevalent and abundant fungal
genus was Penicillium. Penicillium species are the most typical
genera in indoor air. They produce large numbers of dry and
small spores (Miller 1992), which are also easily released from
normal sources and everydayactivities, such as handling of food-
stuff and pets and their bedding (Hunter et al. 1988; Lehtonen
et al. 1993).

In this study, the variation of fungal concentrations in the
buildings is considered to be only due to indoor sources, since
the study was conducted during winter when the contribution of
outdoor air to indoor air microbial levels is negligible (Reponen
et al. 1992). In the index residence, the concentrations of viable
fungi were higher in the bedroom than in the dining room. This
may be due to differences in the mold sources and/or differences
in the activities in the rooms. In the reference residence, no dif-
ference of practical value was observed between the rooms. This
supports the idea that the difference in the index residence was
due to seriousness of mold damage in rooms because the activ-
ity was considered to be similar in both of the residences. The
release of spores from moldy surfaces or structures depends on
ambient conditions (Pasanen et al. 1991) from which air velocity
is connected with the activities in rooms and relative humidity
and temperature are at the same level throughout accustomed-
sized residences. Concentration variations due to transport of
spores through clothes or pets (Lehtonen et al. 1994) were also
considered to be minimal in this case because the occupants
of neither house had attended places (barns, gardens, etc.) from
where spores couldbe transported into the residences, and during
winter months transport through cat’s fur (the index residence) is
unlikely. Ventilation effects fungal concentrations mainly dur-
ing nonwinter months via transport of spores from outdoors

(Reponen et al. 1989), but especially if the air supply is not con-
trolled, air� ows due to ventilation may affect concentration vari-
ation by moving thriving spores from moldy structures into the
air.

The results of size distributions af� rm the difference between
the rooms observed in the index residence since concentrations
in the other room of the index residence were signi� cantly higher
in 4 size ranges, whereas in the reference residence, that was the
case only in 1 size range.

The determination of the concentrations of airborne viable
fungi is affected by activities, sources, accuracy of the sam-
pler, growth medium used, viability of spores, etc. (Miller 1992;
Nevalainen et al. 1992). While others have indicated that indoor
fungal concentrations vary in time and space (Hunter et al. 1988;
Verhoeff et al. 1990; Pasanen et al. 1992), this study demon-
strates the variation within day and season and between rooms.
In the reference residence, however, with overall low fungal lev-
els, relatively small changes in concentrations appeared to in� u-
ence statistical signi� cance. Total concentrations were usually
higher in the morning than in the afternoon. This may re� ect the
activity peak in the mornings when adults go to work, school-
age children go to school, and day-care children arrive and go
out for play. A trend of higher concentrations in the beginning
of the winter season was shown, and will be considered in future
studies.

The 2 growth media used in this study gave similar results
for the fungal concentrations. Only concentrations of yeasts dis-
played differences of practical importance. However, this con-
clusion may not hold true for all genera.

Due to the large variation of fungal concentration within
space and time, a sampling campaign of 11 different days is
needed to characterize the airborne fungal concentrations of a
residence with unknown indoor conditions in subartic climate.
Within-day variation is addressed by sampling at different times
in each of the 11 sampling days. Within-space variation is ad-
dressed by sampling 2 rooms of a subject residence during each
sampling day. This approach will be adjusted in determining
potential contamination in residences where people are having
symptoms indicating mold problems and where no visible signs
of moisture or mold problems are seen. Visible signs of mold in
nonindustrial environments are conclusive indicators of health
risks (WHO 1990; Samson et al. 1994). Therefore residences
with such signs do not require air sampling, they require steps
to control the problem.

The pertinent guidelines in Finland (Ministry of Social Af-
fairs and Health 1997) state that (1) fungal concentrations above
100 cfu/m3 and the presence of indicator microbes are an alert
indicating a possible abnormal indoor source of fungi. In this
case no more air sampling is needed and engineering investi-
gations should commence to identify and control the potential
source. (2) Concentrations above 500 cfu/m3 constitute an alarm
and the process is the same as in (1). This study suggests that
if neither of the above scenarios occurs, the sampling of indoor
fungi must continue at least for 6 times over 2 months in the
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subject residence. It is further suggested that if the coef� cient of
variation is <20%, there will be no need for any additional sam-
ples; the mean fungal contamination of the subject residence is
thought to be stable. If the coef� cient of variation is larger than
20%, the remaining 5 samples should be taken over the next
2 month period to fully characterize fungal contamination of the
residence.

The objective of the Finnish effort is to determine associations
between indoor air conditions and symptoms and to design con-
trol strategies that will reduce the frequency and intensity of the
symptoms. The approach outlined in this paper combines both
statistical and practical considerations to identify and eventually
control sources of fungal contamination, the ultimate goal of this
microbial research program.
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